Two new 8, 14-seco skeleton C 21 steroidal aglycones, cynanbungeigenin A (1) and cynanbungeigenin B (2), were isolated from the hydrolyzed extract of the EtOAc soluble extract of the roots of Cynanchum bungei. Their structures were determined on the basis of chemical evidence and extensive spectroscopic methods, including 1D and 2D NMR spectroscopy.
The hedgehog (Hh) signaling pathway plays key roles in embryonic development, formation and maintenance of cancer stem cells (CSCs) and acquisition of epithelial-to-mesenchymal transition (EMT). Since CSCs and EMT are important biological factors responsible for cancer cell invasion, metastasis, drug resistance and tumor recurrence, the Hh signaling pathway is believed to be an important target for cancer therapy [1] . Cynanchum bungei Decne. (Baishouwu in China), a member of the Asclepiadaceae family, is distributed in Beijing, Jiangsu, Henan, Hebei and Shandong, China. Its root (Radix Cynanchi bungei) is a famous traditional Chinese medicine [2] , and has been used either as a tonic medicine or health food for centuries. Pharmacological research has shown that roots of C. bungei have widely useful properties, including anti-tumor [3] and immune regulatory [4] , and is nontoxic [5] . Glycosides were determined as main ingredients of this plant, such as acetophenone glycosides [6] and C 21 steroidal glycosides [7] . We previously reported the inhibition of the Hedgehog signaling pathway in vitro of steroidal aglycones from Marsdenia tenacissima [8] and Cynanchum paniculatum [9] . In this research, chemical studies on the hydrolyzed extract of the EtOAc soluble extract of the roots of C. bungei were undertaken, leading to two new 8,14-seco-pregnane steroidal aglycones, cynanbungeigenin A (1) and cynanbungeigenin B (2), together with twelve known compounds 3-14.
Compound 1 was obtained as pale yellow amorphous powder. The molecular formula was determined to be C 28 H 40 O 7 by HR-ESIMS (m/z 511.2678 [M+Na] + , calcd for 511.2672). The 13 C NMR and DEPT spectra of 1 showed four carbonyls (three ketones and one ester), two pairs of double bonds, six methyls, seven methylenes, six methines, and nine quaternary carbons. The other NMR assignments were readily recognized on the basis of 1D and 2D NMR experiments (DEPT, COSY, HMQC and HMBC). From these results and the chemotaxonomic fact that the presence of pregnanes and their glycosides in this genus are well known [10] , we assumed that compound 1 is an 8, 14-seco-pregnane. In comparison with gracigenin (9) [11] [12] , 1 showed the absence of cinnamoyl and acetyl groups, but the existence of an ikemaoyl group (see Table 1 and Figure 1 ). Comparing the structure of 1 with that of caudatin (12) [13] , the molecular structures of 1 and 12 are the same except for C-8 and C-14 of 1 breaking to become two ketonic groups, and their 13 C NMR spectral data are similar except for a few points. In ring D of 1, the 13 C NMR chemical shifts of C-13 and C-15 move downfield by +6 and +0.4 ppm, due to the inductive effect of the C-14 ketonic group, and the C-17 resonance moves upfield by -5.2 ppm because of the C-14 ketonic group. In ring B of 1, the 13 C NMR chemical shift of C-5 moves downfield by +4.4 ppm and that of C-7 moves upfield by +7.6 ppm due to the unsaturated carbonyl system, and the C-9 resonance moves downfield by +12.6 because of the inductive effect of the unsaturated carbonyl system. In the HMBC spectrum of 1, the following long-range correlations were observed: (1) the carbonyl signal at  C 210.2 was correlated with the signal of a methine proton (H-6) at  H 5.24 (m) and a double bond carbon (C-6) at  C 118.4; the carbonyl signal at  C 210.2 was correlated with the signals of methine protons (H-7) at  H 2.74 (m) and 3.28 (m) on C-7 at  C 41.8; the carbonyl signal at  C 210.2 was correlated with the signals of methine protons H-9 at  H 2.86 (d, J=11.0 Hz) on C-9 at  C 56.2; (2) the carbonyl signal at  C 215.7 was correlated with the signal of methine proton H-15 at  H 2.68 (m) and 3.07 (m) on C-15 at  C 33.9; the carbonyl signal at  C 215.7 was correlated with the signal of methine proton H-16 at  H 2.15 (m) and 3.18 (m) on C-16 at  C 29.2; the carbonyl signal at  C 215.7 was correlated with the signal of methyl proton H-18 at  H 1.89 (s) on C-18 at  C 10.7, establishing that in 1, the carbonyl groups were at C-8 and C-14. Thus, the structure of compound 1 could be established as 8, 14-seco-caudatin, and named as cynanbungeigenin A.
Compound 2 was obtained as pale yellow amorphous powder. The molecular formula was determined to be C 32 H 40 O 9 based on NMR and HRESI-MS data (m/z 591.2545 [M+Na] + , Calcd 591.2570). The 13 C NMR and DEPT spectra of 2 showed four carbonyls (two ketones and two esters), two di-substituted double bonds, one mono-substituted benzene ring, four methyls, six methylenes, thirteen methines, and nine quaternary carbons. [14] , the aglycone of sarcovimiside B (in CDCl 3 ). The other NMR assignments were readily recognized on the basis of 1D and 2D NMR experiments (DEPT, COSY, HMQC and HMBC). From these results and comparison with 1, we assumed that 2 also possessed an 8, 14-seco-pregnane type skeleton. Compared with (20S)-12,20-dibenzoyloxy-3,5,17-trihydroxy-8,14-seco-5,17-pregn-6-ene-8,14-dione (2a) [14] , 2 showed the absence of the benzoyl groups, but the existence of a cinnamoyl and acetyl group (see Tables 1, 2 and Figure 1 ). In the HMBC spectrum of 2, the following long-range correlations were observed: the carbonyl signal of the cinnamoyl group at  C 168.4 was correlated with the signal of methine proton H-12 at  H 6.27 (d, J= 9.5 Hz) on an oxygen-bearing carbon (C-12) at  C 73.3, and that of the acetyl group at  C 170.3 was correlated with the signal of methine proton H-20 at  H 5.40 (q, J= 6.5 Hz) on an oxygen-bearing carbon (C-20) at  C 74.9, establishing that in 2, the cinnamoyl group is located at C-12 and the acetyl group at C-20. Thus, the structure of compound 2 could be established as (20S)-12-cinnamoyloxy-20-acetyloxy-3,5,17-trihydroxy-8,14-seco-5,17-pregn-6-ene-8,14-dione, and named as cynanbungeigenin B. [20] , gracigenin (9) [11, 12] , penupogenin (10) [7] , isoikemagenin (11) [21] , caudatin (12) [13] , sarcostin (13) [22] , and deacetylmetaplexigenin (14) [22] .
Inhibition of the Hedgehog signaling pathway was also tested in vitro (Figure 2 ) for compounds 1-14. Compounds 4 and 8 showed significant inhibitory activity.
